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(54) METHOD AND SYSTEM FOR DIAGNOSING MALFUNCTION OF ACTUATING EQUIPMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for diagnosing 
malfunction which can accurately, easily and rapidly carry out the 
diagnosis of malfunction for some kinds of actuating equipment. 
SOLUTION: A rotating torque is measured as an actuation 
waveform in the case the diagnosis of malfunction about the 
rotation torque of a crankshaft of an engine 2. In the case the 
actuation waveform is not a normal waveform, the rotation torque is 
judged abnormal. In this case, the actuation waveform is divided into 
partial waveforms in every waveform region, and each partial 
waveform is replaced by binary digital data on the basis of a 
judgement parameter composed of a peak value and an envelope, 
and the waveform region and the both judgement parameters are 
used as an identification index, and a measured abnormal matrix, in 
which the value of the digital data is treated as a element, is made 
up. Then, the measured abnormal matrix is compared to an example 
of abnormal matrix that corresponds to the cause of abnormality of 
the rotation torque, and in the case that the measured abnormal 
matrix matches the example of abnormal matrix, such a judgement 
is made that the abnormality of the rotation torque is caused by the 
above cause of abnormality. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In case the existence and the cause of abnormalities of abnormalities of an actuator machine are 
diagnosed, measure the operational characteristic of this actuator machine as a wave, and when the measured wave 
is not an ordinary wave form set up beforehand When an actuator machine judges with it being unusual and is judged 
as an actuator machine being unusual Divide the above-mentioned wave into the partial wave for every 
predetermined wave field, and each partial wave is transposed to a digital signal based on a predetermined judgment 
parameter. The abnormality matrix in an observation which makes a wave field and a judgment parameter a 
discernment index, and uses the value of this digital signal as an element is created. Are this abnormality matrix in 
an observation, and a highly uniform, and the abnormality matrix in an observation is compared with the abnormality 
matrix in a sample corresponding to the predetermined cause of abnormalities of an actuator machine. The 
abnormality diagnostic approach of the actuator machine characterized by judging with what the abnormalities of an 
actuator machine produced according to the cause of abnormalities corresponding to the above-mentioned 
abnormality matrix in a sample when the abnormality matrix in an observation is in agreement with the abnormality 
matrix in a sample. 

[Claim 2] The abnormality diagnostic approach of the actuator machine according to claim 1 characterized by 
carrying out the multi-statement of the judgment parameter. 

[Claim 3] The abnormality diagnostic approach of the actuator machine according to claim 1 characterized by using 
a binary-ized signal as a digital signal. 

[Claim 4] The abnormality diagnostic approach of the actuator machine according to claim 1 characterized by 
carrying out study amendment of the abnormality matrix in a sample based on the actual cause of abnormalities 
when the actuator machine with which the cause of abnormalities was specified based on the judgment result of the 
above-mentioned cause of abnormalities is repaired. 

[Claim 5] The abnormality diagnostic approach of the actuator machine according to claim 1 characterized by an 
actuator machine being an engine. 

[Claim 6] In case the existence and the cause of abnormalities of abnormalities of an actuator machine are 
diagnosed, when a wave measurement means to measure the operational characteristic of this actuator machine as 
a wave, and the measured wave are not ordinary wave forms set up beforehand An abnormality judging means to 
judge with an actuator machine being unusual, and when it judges that an actuator machine is unusual Divide the 
above-mentioned wave into the partial wave for every predetermined wave field, and each partial wave is 
transposed to a digital signal based on a predetermined judgment parameter. An abnormality matrix creation means 
to create the abnormality matrix in an observation which makes a wave field and a judgment parameter a 
discernment index, and uses the value of this digital signal as an element. The comparison means in comparison with 
the abnormality matrix in a sample corresponding to [ about the abnormality matrix in an observation, are this 
abnormality matrix in an observation, and a highly uniform, and ] the predetermined cause of abnormalities of an 
actuator machine, Abnormality diagnostic equipment of the actuator machine characterized by having an abnormality 
cause specification means to judge with what the abnormalities of an actuator machine produced according to the 
cause of abnormalities corresponding to the above-mentioned abnormality matrix in a sample when the abnormality 
matrix in an observation is in agreement with the abnormality matrix in a sample. 

[Claim 7] Abnormality diagnostic equipment of the actuator machine according to claim 6 characterized by carrying 
out the multi-statement of the judgment parameter. 

[Claim 8] Abnormality diagnostic equipment of the actuator machine according to claim 6 characterized by using a 
binary-ized signal as a digital signal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the abnormality diagnostic approach and abnormality diagnostic 

equipment of an actuator machine. 

[0002] 

[Description of the Prior Art] Generally, in the various actuator machines from which dynamic actuation, such as 
rotation and a reciprocating motion, is performed, or quantity of states, such as a pressure and temperature, change, 
for example, an engine, a motor, etc., the actuation (actuation, change of state, etc.) is sometimes unusual at the 
time of actuation. Therefore, it is required and indispensable, when it sets in an actuator vessel, the abnormality is 
detected or judged, and it is abnormal, and performing abnormality diagnosis of studying the cause of abnormalities 
corrects these abnormalities or it improves this actuator machine. And this abnormality diagnosis has been 
conventionally performed by repair of the dismantling check of the actuator machine with which abnormalities were 
mainly discovered etc. 

[0003] However, the abnormality diagnosis by repair of a dismantling check etc. needs a great effort and time 
amount Then, when actuation of this actuator machine is unusual, the abnormality modality of studying the cause of 
the abnormalities of this actuator machine is proposed by not performing the dismantling check etc. but comparing 
the pattern of the abnormality actuation with the pattern set up beforehand. 

[0004] The group (frequency characteristic quantity-time amount characteristic quantity) at the time of the 
abnormalities of a rotating equipment is registered into JP,10-274558,A as criteria data according to the abnormality 
cause, the group for which it asked from the data point at the time of rotation of a rotating equipment (frequency 
characteristic quantity-time amount characteristic quantity) is collated with the above-mentioned criteria data, and, 
specifically, the abnormality modality which specified the existence of abnormalities and the class of abnormalities 
from the result is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the conventional abnormality modality currently indicated by 
JP.10-274558.A is difficult to specify various abnormalities correctly on the relation he is trying to specify the class 
of various abnormalities based on very small amount of information only based on a group [ only / (frequency 
characteristic quantity-time amount characteristic quantity) ], and there is a limitation in improvement in the 
precision of an abnormality diagnosis. 

[0006] This invention is made in order to solve the above-mentioned conventional problem, and it makes it the^ 
technical problem which should be solved to offer the abnormality diagnostic approach or abnormality diagnostic 
equipment which can perform an abnormality diagnosis of various actuator machines with high precision, easily, and 
quickly. 
[0007] 

[Means for Solving the Problem] The abnormality diagnostic approach of the actuator machine concerning this 
invention made in order to solve the above-mentioned technical problem (i) In case the existence and the cause of 
abnormalities of abnormalities of an actuator machine are diagnosed, the operational characteristic (property with 
time) of this actuator machine is measured as a wave, (ii) when the measured wave is not an ordinary wave form set 
up beforehand When an actuator machine judges with it being unusual and is judged as an actuator (iii) machine 
being unusual Divide the above-mentioned wave into the predetermined partial wave of every wave field (time 
domain), and each partial wave is transposed to a digital signal (data) based on a predetermined judgment parameter 
(a criterion or criteria). The abnormality (fault) matrix in an observation which makes a wave field and a judgment 
parameter a discernment index (a line, train), and uses the value of this digital signal as an element (contents) is 
created, (iv) — the abnormality matrix in an observation — this abnormality matrix in an observation, and a highly 
uniform (a line — ) When the number of trains is identrtas and the abnormality matrix in (v) observation is in 
agreement with the abnormality matrix in a sample as compared with the abnormality (fault) matrix in a sample 
corresponding to the predetermined cause of abnormalities of an actuator machine The abnormalities of an actuator 
machine are characterized by judging with what was produced according to the cause of abnormalities 
corresponding to the above-mentioned abnormality matrix in a sample. As an actuator machine suitable for 
especially using this abnormality diagnostic approach, an engine, its component, or a motor is raised, for example. 
[0008] According to this abnormality diagnostic approach, since an abnormality diagnosis is performed by the partial 
wave for a majority of every wave fields, i.e.. many partial operating characteristics, the precision of an abnormality 
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diagnosis becomes high and the cause of abnormalities of an actuator machine can be studied correctly (finely). 
Moreover, an abnormality diagnosis can be performed by the easy information processing which compares and 
contrasts the abnormality matrix in an observation with the abnormality matrix in a sample. It can follow, for 
example, an abnormality diagnosis of various actuator machines, such as an engine and a motor, can be performed 
with high precision, easily, and quickly. 

[0009] In the abnormality diagnostic approach of the above-mentioned actuator machine, it is desirable to carry out 
the multi-statement of the judgment parameter. If it does in this way, since the amount of information about the 
operating characteristic of the actuator machine contained in the abnormality matrix in an observation and the 
abnormality matrix in a sample will increase, the precision of an abnormality diagnosis can be raised further. 
Moreover, in the abnormality diagnostic approach of the above-mentioned actuator machine, it is desirable to use a 
binary-ized signal as a digital signal. If it does in this way, setup of the abnormality matrix in an observation and the 
abnormality matrix in a sample, or these comparisons and contrast can be performed very easily. 
[0010] In the abnormality diagnostic approach of the above-mentioned actuator machine, when the actuator 
machine with which the cause of abnormalities was specified based on the judgment result of the above-mentioned 
cause of abnormalities is repaired, it is desirable to carry out study amendment of the abnormality matrix in a 
sample (feeding back an observation result) based on the actual cause of abnormalities. If it does in this way, the 
precision of an abnormality judging can be raised with time based on a track record, and the precision of an 
abnormality diagnosis can be raised further. 

[001 1] A wave measurement means to measure the operational characteristic of this actuator machine as a wave in 
case the abnormality diagnostic equipment of the actuator machine concerning this invention diagnoses the 
existence and the cause of abnormalities of abnormalities of (i) actuator machine, (ii) when the measured wave is 
not an ordinary wave form set up beforehand An abnormality judging means to judge with an actuator machine being 
unusual, and when it judges that an actuator (iii) machine is unusual Divide the above-mentioned wave into the 
partial wave for every predetermined wave field, and each partial wave is transposed to a digital signal based on a 
predetermined judgment parameter. An abnormality matrix creation means to create the abnormality matrix in an 
observation which makes a wave field and a judgment parameter a discernment index, and uses the value of this 
digital signal as an element, (iv) The comparison means in comparison with the abnormality matrix in a sample 
corresponding to [ are this abnormality matrix in an observation, and a highly uniform about the abnormality matrix in 
an observation, and ] the predetermined cause of abnormalities of an actuator machine, (v) When the abnormality 
matrix in an observation is in agreement with the abnormality matrix in a sample, the abnormalities of an actuator 
machine are characterized by having an abnormality cause specification means to judge with what was produced 
according to the cause of abnormalities corresponding to the above-mentioned abnormality matrix in a sample. 
[0012] According to this abnormality diagnostic equipment, since an abnormality diagnosis is performed by the 
partial wave for a majority of every wave fields, i.e., many partial operating characteristics, the precision of an 
abnormality diagnosis becomes high and the cause of abnormalities of an actuator machine can be studied correctly. 
Moreover, an abnormality diagnosis can be performed by the easy information processing which compares and 
contrasts the abnormality matrix in an observation with the abnormality matrix in a sample. It can follow, for 
example, an abnormality diagnosis of various actuator machines, such as an engine and a motor, can be performed 
with high precision, easily, and quickly. 

[0013] In the abnormality diagnostic equipment of the above-mentioned actuator machine, it is desirable that the 
multi-statement of the judgment parameter is carried out. If it does in this way, since the amount of information 
about the operating characteristic of the actuator machine contained in the abnormality matrix in an observation 
and the abnormality matrix in a sample will increase, the precision of an abnormality diagnosis can be raised further. 
Moreover, it is desirable that a binary-ized signal is used as a digital signal. If it does in this way, setup of the 
abnormality matrix in an observation and the abnormality matrix in a sample, or these comparisons and contrast can 
be performed very easily. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained concretely. Drawing 1 
is the system configuration Fig. of the control system equipped with the abnormality diagnostic system concerning 
this invention for engine assembly Rhine. As shown in drawing 1 , in this engine assembly Rhine A, two or more 
engines 2 are conveyed by conveyor 1 in the fixed direction (at the physical relationship in drawi ng 1 , it is facing 
the right). In addition, the ID tag 3 for specifying or identifying this is attached to each engine 2, respectively. 
[0015] and to control-system S, ID information currently recorded on the ID tag 3 of the engine 2 on a conveyor 1, 
respectively is read, and predetermined information is written in the ID tag 3 at it — it is — it is — two or more 
controllable ID controllers 4 are formed. Here, it sees in the conveyance direction of an engine 2, and three ID 
controllers of the upstream are connected to measurement station 5a which consists of corresponding PLC, 
respectively (link). Moreover, the 4th ID controller 4 is connected to test station 5b which consists of PLC or a PC 
from the upstream, and the 5th ID controller 4 is connected to upload station 5c which consists of PLC or a PC. 
[0016] These five stations 5a, 5b, and 5c are connected to the data collector 7 which consists of a PC through the 
machine-control network 6 (PLC network 7). This data collector 7 is connected to the data server 9, the design 
workstation 1 0, the wave measuring device 1 1 (data analysis equipment), and the repair bay computer 1 2 through 
the production control network 8. In addition, the part surrounded with the broken line M in drawing 1 shows the 
Banking Inspection Department containing the abnormality diagnostic system concerning this invention. 
[0017] As shown in drawing 2 , in addition to each aforementioned device, the measuring device 15 is prepared for 
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the Banking Inspection Department M. Here, a measuring device 15 measures the various dimensions of an engine 2, 
a property, the engine performance, etc. In case the aforementioned wave measuring device 1 1 contains the 
computer and diagnoses the existence and the cause of abnormalities of abnormalities of an engine 2, it measures 
the predetermined operational characteristic set as the object of a diagnosis of an engine 2 as a wave (henceforth 
an "actuation wave"). And it judges with the wave measuring device 11 having an unusual engine 2, when the 
measured actuation wave is not an ordinary wave form set up beforehand. 

[0018] When it judges that an engine 2 is unusual with the wave measuring device 11, the abnormality matrix in an 
observation is created by the wave measuring device 1 1 by the about following technique. That is, an actuation 
wave is first divided into the partial actuation wave for every predetermined wave field. Then, each partial actuation 
wave is transposed to the digital data (O or x) made binary based on a predetermined judgment parameter (a 
criterion, criteria). And the abnormality matrix in an observation which makes a wave field and a judgment parameter 
a discernment index (a line, train), and uses the value of digital data as an element (numerical contents) is created... 
[0019] Then, the abnormality matrix in an observation is compared and contrasted with the abnormality matrix in a 
sample currently created beforehand (Ox pattern matching is performed). In addition, the abnormality matrices in a 
sample are an abnormality matrix in an observation, and a matrix of a highly uniform. That is, both the abnormality 
matrix has the number of wave fields (the number of the elements in the matrix of one line), and the same number 
of judgment parameters (the number of the elements in matrix 1 train). One abnormality matrix in a sample supports 
one causes of abnormalities of an engine 2 (for example, the piece **** lump of paint, an end ****** lump, etc.). In 
addition, such an abnormality matrix in a sample is created for every various causes of abnormalities of an engine 2. 
That is, the abnormality matrix in a sample recognizes two or more (large number) existence. 

[0020] Here, when the abnormality matrix in an observation is in agreement with one certain abnormality matrix in a 
sample in two or more abnormality matrices in a sample, it is judged to be what the abnormalities of an engine 2 
produced according to the cause of abnormalities corresponding to this abnormality matrix in a sample. 
[0021] The various data (the actuation wave, the partial actuation wave, abnormality matrix in an observation, etc.) 
or the judgment results (the existence of abnormalities, result of a comparison (Ox pattern matching), etc.) which 
were measured or created by the wave measuring device 1 1 are sent to the data server 9 (a). And the data server 9 
transmits the various data inputted from the wave measuring device 11, a judgment result, etc. to the repair bay 
computer 1 2 (b). 

[0022] On the other hand, the engine 2 (engine of Measurement NG) with which abnormalities were detected by the 
measuring device 15 or the wave measuring device 1 1 is conveyed at NG repair place 13 (repair bay), and is repaired 
fixed by (c) and the repair man 1 4 (repair operator), or the cause of abnormalities is removed. In addition, rf required, 
repair of a dismantling check etc. will also be performed. The repair man 14 inputs the contents of repair, the 
contents of abnormalities of an engine 2, or the contents of fault to the repair bay computer 1 2 (d). On the other 
hand, the repair bay computer 12 displays the various data of the wave measuring device 16 inputted from the data 
server 9, a judgment result, etc. on the display, and reports them to the repair man 14 (e). 

[0023] Moreover, the repair bay computer 12 transmits the contents of repair of the engine 2 inputted by the repair 
man 14, the contents of abnormalities, etc. to the data server 9 (d). And the data server 9 updates the abnormality 
matrix in a sample automatically based on these contents of repair, the contents of abnormalities, etc. (f). That is, 
when the data server 9 repairs the engine 2 with which the cause of abnormalities was specified based on the 
judgment result of the cause of abnormalities, it carries out study amendment of the abnormality matrix in a sample 
based on the actual cause of abnormalities. 

[0024] Hereafter, the more concrete abnormality modality in an engine 2 is explained. (Abnormality diagnosis of the 
running torque of a crankshaft) The concrete technique of an abnormality diagnosis of the running torque 
(henceforth "axial running torque") of a crankshaft is explained hereafter. Drawing 3 is a graph which shows an 
example of an actuation wave of axial running torque. The graph shown with a broken line in drawing 3 is an ordinary 
wave form accompanied by a certain amount of permission width of face, and the graph shown as a continuous line 
is an unusual actuation wave. Moreover, step 1 - step 1 2 are the wave fields set up in order to divide these 
actuation waves in drawing 3 . The actuation wave in each step 1-12 is a .partial actuation wave. 
[0025] And two judgment parameters are set up in the abnormality diagnosis of this axial running torque. One is 
peak value and another is an envelope. Here, peak value is a value used as the peak of a partial actuation wave in 
each step (wave field). Moreover, an envelope is whether to go into the band region (band) of the ordinary wave 
form accompanied by permission width of face. In this way, the replacement to the digital data (O or x) of the partial 
actuation wave which makes peak value a judgment parameter made binary is performed by whether the peak value 
in each step is below a predetermined upper limit. That is, with [ peak value ] a upper limit [ below ], digital data 
becomes "O", and digital data will become "x" if peak value is over the upper limit. 

[0026] On the other hand, the replacement to the digital data (O or x) of the partial actuation wave which makes an 
envelope a judgment parameter made binary is performed by whether the partial actuation wave in each step is 
contained in the band region. That is. if the partial actuation wave is contained in the band region, digital data will 
become "O", and digital data will become "x" if a part of partial actuation wave is protruded from the band region in 
each step 1-12. 

[0027] In drawing 3 , an example of the abnormality matrix in an observation about an unusual actuation wave 
(continuous line) is shown. This abnormality matrix in an observation is a matrix (matrix) of 12 line and 2 train whose 
number (the number of the elements in 1 train) of the judgment parameters which the number (the number of the 
elements in one line) of the steps (wave field) which are one discernment indexes is 1 2, and are the discernment 
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indexes of another side is 2. 

[0028] An example of the abnormality matrix in a sample used for an abnormality diagnosis of axial running torque is 

shown in Table 1. In addition, Table 1 shows only four of much causes of abnormalities, or abnormality modes 

(pattern). 

[0029] 

[Table 1] 
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[0030] Since the abnormality matrix in an observation of the unusual cause of an actuation wave of abnormalities 
shown in drawing 3 in drawing 3 corresponds with the pattern 1 in the abnormality matrix in a sample when the 
abnormality matrix in a sample shown in Table 1 is used, it is judged with it being the piece **** lump of paint. That 
is, in the rolling mechanism of a crankshaft if the contents of abnormalities or the contents of fault (for example, 
the piece of paint biting and end powder biting weld flash remainder of processing powder etc.) change, Ox pattern 
of the abnormality matrix in an observation will change. The wave measuring device 1 1 or the data server 9 is made 
to memorize the difference in this Ox pattern, and he performs comparison and contrast of the abnormality matrix in 
an observation, and the abnormality matrix in a sample, i.e.. Ox pattern matching, and is trying to specify the cause 
or mode of abnormalities or fault at the time of (Abnormality NG) generating. 

[0031] (Abnormality diagnosis of a bulb stroke) The concrete technique of an abnormality diagnosis the bulb stroke 
in the inlet valve or exhaust valve of an engine 2 is explained hereafter. Drawing 4 and drawing 5 (a), and (b) are 
graphs which show an example of an actuation wave of the bulb stroke (the amount of bucket lifts) of an engine 2. 
As shown in drawing 4 , in this example, an actuation wave is divided by five wave field A-E, and the actuation wave 
in each wave field A-E is a partial actuation wave. 

[0032] Drawing 5 (a) expands and shows the wave field A corresponding to a bulb valve-opening stage (timing). 
Moreover, drawing 5 (b) expands the wave field C where a bulb stroke serves as a peak, and is shown. And in 
d rawin g 5 (a) and (b), a continuous line shows a normal actuation wave and the broken line shows the unusual 
actuation wave. 

[0033] Judgment parameters are peak value and an envelope like [ an abnormality diagnosis of this bulb stroke ] the 
case of an abnormality diagnosis of the aforementioned axial running torque. Although not illustrated, the 
abnormality matrix in an observation about an unusual actuation wave (broken line) is created also in this case by 
the same technique as the case of an abnormality diagnosis of axial running torque. However, since the number of 
the judgment parameters which the number of the wave fields which are one discernment indexes is 5, and are the 
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discernment indexes of another side is 2, this observation fault matrix turns into a matrix of five line and 2 train. 
[0034] In addition, an example of the abnormality matrix in a sample used for an abnormality diagnosis of this bulb 
stroke is shown in Table 2. In this way, the abnormality matrix in an observation is compared and contrasted with 
the abnormality matrix in a sample also in this case (Ox pattern matching performed), and the cause or mode of 
abnormalities of a bulb stroke is specified. 



[0036] (Abnormality diagnosis of a compression pressure) Drawing 6 is a graph which shows an example of an 
actuation wave of the compression pressure in a gas column. As shown in drawin g 6 , in this example, an actuation 
wave is divided by five wave field A-E, and the actuation wave in each wave field A-E is a partial actuation wave. 
Although not illustrated, also in this case, by axia! running torque or the same technique as the case of an 
abnormality diagnosis of a bulb stroke, the abnormality matrix in an observation is compared and contrasted with the 
abnormality matrix in a sample (Ox pattern matching performed), and the cause or mode of abnormalities of the 
compression pressure in a gas column is specified. 



[Effect of the Invention] As mentioned above, according to this invention, the abnormality diagnostic approach or 
abnormality diagnostic equipment which can perform an abnormality diagnosis of various actuator machines with 
high precision, easily, and quickly can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the system configuration Fig. of the control system equipped with the abnormality diagnostic 
system concerning this invention for engine assembly Rhine. 

[Drawing 2] It is the mimetic diagram of the Banking Inspection Department of the control system shown in drawing 

Is * 

[Drawing 3] It is the graph which shows an example of an actuation wave of engine crankshaft running torque. 
[Drawing 4] It is the graph which shows an example of an actuation wave of the bulb stroke (the amount of bucket 
lifts) in an engine inlet valve. 

[Drawing 5] (a) is drawing having expanded and shown the wave field A in drawing 4 , and (b) is drawing having 
expanded and shown the wave field C in drawing 4 . 

[Drawing 6 ] It is the graph which shows an example of an actuation wave of the engine compression pressure in a 
gas column. 

[Description of Notations] 

A [ — Conveyor, ] — Engine assembly Rhine, M — The Banking Inspection Department S — A control system, 1 2 
[ — Measurement station, ] — An engine, 3 — ID tag, 4 — ID controller, 5a 5b — A test station, 5c — A upload 
station, 6 — Machine-control network, 7 [ — A design workstation, 11/ — A wave measuring device, 12 / — A 
repair bay computer, 13 / — NG repair place, 14 / — A repair man, 15 / — Measuring device. ] — A data collector, 
8 — A production control network, 9 — A data server, 1 0 
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[Drawing 1] 




[Drawing 4] 
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[Drawing 3] 
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